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1. INTRODUCTION

The DYNASPHERE computer code for the solution of system-generated elec-

tromagnetic pulse (SGEMP ) problems in spherical geometry is described in

this report . Emphasis is given to the practical details necess.iry for the

effective operation of the code . A brief description of the code is out-

lined , and then specifics such as computer requirements essential to i t S

operation are discussed . Input card requirement s ;ire detd i led , a sample
problem is treated , and the code out put interpreted . \L.nv prom i nent code

var iables are defined in a glossary . \ll t r r n I~ I~ t t ~~~’~ar t~~ the effect ive

application of DYNASPIIERE to t y i l t. II S~ l ’lI’ cal~ t iI;i t ion’-. ru det m cd . De-
tailed descriptions of physics and n~ del ing, as ~~‘l I .i’. code ~ht’~ ~~o Imt ~~, are

fotmd in Reference 1.

1. 1. N. Delmer et al., “SGEMP Phenomenology and Computer Code Deve l-
opment,” DNA 3653F, November 11 , 1974 .
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I)Y NASI’l II RI DE SCR I PT iON

DYNASHPFRE t reats t he S( 1 MP two-dimensiona l problem f r  axisymmetric ’

elect ron emission from Lm l n c e lm t  ii.: perfect  lv-cI,nj LIc t 1mg tt’ re ’-~ . Emission
electron eIme rt ~v ~.j mt ’c t  rum , pulse shape . and ;‘.II i il di ~t ribut ions must be
specif ied to  the code. ~I.i st ~~l I ‘ s et lmi ; i t ions a r~ ‘.tIl ‘~ eJ to  I~~ t in fields

which act on the elect  m u ’ -. . •fl~e el ect ro i l !l.)t i ’ f l  IS t r t ’atett by f l i  lowing

part id es of charge t hrough the spat i;i l grid. Ihe ca l c t i l a t  ion is se l f -

consistent in that t i  elds modj t y  e lec t  FI ll t ram ec to r ies  w hich , in turn ,

modify the f ields.

Electron emiss ion caii occur from the inne r  IIF a er spheres , although

presently t he code w i l l  not em from both spheres s imul t ineomisl y. lne rgv

spectra and spat ial and angular di~.t rihut ions a re arb i t rary . The emission

current pulse is spec i f I ed w i t h  a t rape:oidal sh .t 1~m’ . wi Ii .irhi~ rary I
and fall t imes and pulse icmut ~th. No t i t ~ - m i t  t rWit ion .m t T h u emission cur-

rent  is modeled . This can bc a co ns iderable J t i c i e n c v  t , I r  small ra t ios
of pulse length El I  I i~~ht t l I~I C 5 — I ) t —  f l i ght i c r I -  oh dimensions, em in

ca lcu lat ions where st i rt tee  i t o  runt s w i t  hi ii the cmi ss i on reg ion a rI, requ i red

(Ref. 2) . l’~. l rs t  — c a s e  s t i r  l i c e  cur ren t  t~ , t~ t ’ r u . r i  l i v  loca t ed I ‘-1  out S ide the

emission region , occur in si tuations m~h er e moderat e ly long-duration pulses
are coupled with simultaneous emission . M i muem code niod i t i . i t  ions could be

made to retard elect run em ss ion f l r  very short—pu lse Problems .

Part id es tt  charge represent i ng  la rge numbers of electrons are used

to rep resent pho to -e lec t r i c  emiss i n from sur f aces.  These p~irt i c les  can

be in jected w i t h  discret e or random ene rgy and angular U st F I Nit m o m i s .

Electron emission at d iscre te  sp at ia l  posit l I l lus ire required presently.
The norma l conf iguration used in the calcu lations consits of concen-

tric cvi inders , although an isolated sphere can be t reated in the

2. F. P. t% ennas , S. Pogers , and A. J . t\oods . ‘‘Sensi t iv i  tv  ot  S ( l~ 1P
Response to Input Parameters ,” IEEE Trans . Nmie l . Sci . NS-22 . No. C I ,
December 1975.

The axis-of- emission symmetry is defined by the direction of photon
propagat i on .

- 
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~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _  
_ _ _ _ _ _ _ _

1 — st~ t t i~ Se ct  LOl l  ot the code. I YNASPII I RI. performs t he Ca Icu 1 .tt i an
for t he e lect r ic  and magnetic t ie lds j roduced by the e lectrons using

e ither the full M t ~~is. ’ i i ’  s equations or th e q t I t S  i ‘-.1 at ic (reevl ’ s function

approach , depending on input opt ion 
~; ie~ i t t e~I . The La t t er approach w as

employed in the ? F u  m l i i  r code I sI’ IfI Rl. (Rem I) due to its ease of ’ imple-
ment it ion . The method is va l id under cond ition s 1 long pul i.e rise t imes

and low — energy elect F l u  spect r i Ret ’ 3) . it hji. been retained as it

of the i)IN~ SPII I R l cod e , h t  is not di ~cusse~’ in 1 t a i l  here because l f he

former document it ion. i’he full Ma ~as I ,  11’ S eqiiat ion t r t r t t ’ I i t  penni t s ia I —

culat ion of a’- e- t  ime current r ing i ug  in the ~t riac t ure and provides genera l-

ly more accurate res u l ts .
Spherica I coordint 1.-s  ire employed t or the ‘.I’~t t  I;. I :oning in IIYNASPIII,RI .

Excel lent reso I tit ion ot’ he re~ ~‘ t t  ~ ur r ’t t : id i j i g  sillier i cal ob~ cci 
- can be

obtained convenient lv ~ i th th is  ‘o r.t 1 1 1 1 C c  ust  em . ~: t i  i a 1 :oning can hi’

variable in the radial direct ion but :~ m m ’ - .i  he , t :  ~ .a hal lv svnunctric . Func—
t ions to spec i f y rail j ul .on ing the code are employed i itt erna II y . Con-

stant or variable zoning may he rt qui & ’s t i ’ d . In i Lit ter ca- ~’. si :CS can

vary only mi ld !  typ i ca l ly  a I I  r ot 2 inc rease from the inner sphere t o

the outer sphere) or rap idl y ( t VI i call v a fact or f I ~. increase fi ’ I t ’  inner

to outer sphere) . ~ t r u g  van a ion ’-. IF  gt’nt’r il lv employed t on  high space—

charge—limited (SC!,) condi 1 i n  i1hert,’ reso lut i lfl ~f large f ield tu i l current

gradients is requ i red .

Forces act I ru~ on the I I  rr i d e s  represent ing ~~~t e lec t rons are l im i ted

to electr ic f ields only .

Two time steps arc employed in dynamic c i ’ s . The M i ~ w e l 1 ’ s I C  ~Ofl

t ime step , or “ light time s t e p , ” is determined automat icall y by the code.

It satisfies the Courant s t a b i l i ty  criterion and is also in j u t  e~~’r divisor

of the part ic le oi’ “electron t ine s tep . ” Thus , the field equations may he
called several t imes for each pa r t i c l e  posi t ion upda te .  A m i nor code mod i-

fication is necessary to spec i fv any pa rt icular l ight- t ime ‘-te p .

3. F. P. Wenaas and A .  1~ l’oods , “Comparisons of Quasi-Static and
Fully Dynamic Solutions for Electromagnetic IHeld Calculat ions in a
Cylindrical Cavi ty , ” I t L i T rans .  N u c I . _ Sci. NS- 21 , No. 6, l)eccmher I9~

4.5



A convenient  summary of the I I INASI llI RE calculational sequence is

found in  the flow chart in Figure 1. Notice that elect ron- emission

infornat ion is obtained front i .C t r t t  e soliI’ct’ . Also , not ice the opt tona l

elect ron—tra jec tory  ‘‘nov 1 e ’ ’ cap;ih i i i  ty  . ‘l’he’-~’ no’. ics can be obta ined ~~~

specifying an input opt ion and saving t he  resulting p a r t i c l e  informat ion

on tape for later t reatment by the Mu)\ ill code it~’t ’. I).

4. A. ~1. Woods , T. N. Delmer , and M. A. Chipman , “The Arb i t rary  Body
of Revolut ion Code (ABORC ) for SGL~IP / I EMP ,” INlLL-RT SI 11-028 , A ir i  1 1 ~) ‘ C .
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AUXILIARY

PROCESS~~ -i EN I SSION CODE

SET UP
ELECT ?ON
EMISS IO~4

EMIT PARTICLES

EQUATIONS OF MOTION

CO~iVV ~T PARTICLE
MOTION TO CU~~~~T~

MAXWELL’S EQUAl I O~iSUPDAT E

OUTPUT

MAX T~~’ L ?

YES
I

OUTPUT PROCESSING j

OPTIONAL
MOViE GENERAT ION

RT-13703A

I i gure I . I 1Y N A ~ 1’I I P E t’l ow chart
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. 0Y\ .\ d’IILItF ~u )MC ’l It RIA~)Ik! MI \IS

DYNASPIIERE i s a l~ )l.~ I F — I V computer p no .: t . in i ot~ abou t 1 (1 1 1 1 1 cards ,

including both the ~lynaun Ic and ip i s  — -~t i t  ic y t of the code. No

mach inc language coding is ei’~p Li ed . The code ape r i  t e~ ott the CLIC Ci00

computer. Core requ I rement s i i~ 1 20(10
1(1 

IS I- k  t i  sm all coF e and lOO .000io
word s of I arge core . ‘I’hre’e F i t - Ic c e s ’ - ft I ~~~ a i’ c .tl ~o requ i red dur i i i :

execution , and four a r e  :‘ t i ona 1 , depend h i ’ ott c ide I nptit opt iou s chosen

The RUN compiler is cur ren t l y  used , .ii th ’l conver sion to the t .ister

FTN com p iler should be ~ t u- i I c }t f m ~ -s rd it t it i t tine . ~~~ imes vary from

1 to 30 minutes i t ’ cent ra I pro~ &‘s’~or t I t Ie , d~ penil i t I t ~ Ofl n, ’ ’  I em cond I —

t ions. Core must he ~~~~~ 0

8
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1 . I I !  S~kI 1’ I’I i\ O~ fllI: I ‘~~~t ’  i s

l i d a I led desc r i I in ot I flIltit .i IIa!i t 1 1 ‘_~ i ~~ :i ned liv I \N .~SI’l1l.kl: are

1 i- ’r in t h is  5cc ’ ion . ~,1r i : i ft names o i l  L e t !  cal or calcuLi —

t i on il signit ’ ica ncc ire g i v e n , along t~i t t . t~~~r r~~ ‘o r t’ etdi n~: C l i t O i t t i l i

the code.
A br iet ’ ii .t of de f i n i t io n s  ~e c u l  i . t r  C i ’ i ‘.\SPIII ~‘~I is gi v & n  in ‘ lable

‘l’h is int ’orm a t ion e~ :~~J I es ct ’tr~aiin I c.it 11 , 11  ~ ~ict i i  led ciidc , a~ C it ICS

Var iable l imi t s  Ire ‘ t n t  I iii I aLl ~‘ 2; hc c lie 
~ 

C hi. u’- r ,tav ~ it bin

t he numerica l and phv sic .il I im:t ,i l  te ns m t he code. the p05 i t  ions au

the ~~t - I where ~~~ i :  t itt t’s .11 , 1 eva ! t il in y .  ; r t  in I’ lL Ic 3 .

In add ition i ~~ t ’ ’ a i l c d  ‘~~ i , t  i’- . . m ; ’ ’ t i l l S 1 t ed  here , Ii ’ user

w i l l  t’ hill.! J comp let o , .ihbi : I t 11 : t t :  i t  dei.c mipt  i n  in ~~ ‘ code Ii - ’ ing

it ~~’ 1 t ’. fhe dct - .cm ’ ;’t i ’ n~ are . i’  t l t  hi g t nn i ui~ ot ’ ma in program ( c a l l ed

MAIN . Once the pru~ i i ’ . ’ i i t u u d e m s t i t i ~ the basi c !unc ions ~~~ 
. he i :p’ . it  s ,

the abbreviat e l  manua l is pr&’ .iti I .- t he mu • out- en i t ’ i t t  1 u s c  . A l so , ce r—

tam variables itt not det’iuuc I in t i  ‘ v d e s c r i : r  ions iii this ret ort

because th ey pe r ta in  e i ’ her  ~o del ug ,~ing the older ui .i s i— .~~ a ic ‘c r ~~~on

of the code or to  opt iona l edt~ i r~~ ‘ a” ‘ l’ic . t t r evi ,ite d manual c ’ u i —

tains definit ian~ f t hese t i n t  i ie~ . These t t ’ ~~ s C iii he i~u ’red in

standard ~~ ~l’ calcul i t  t n n~~ .

card descrip ion- -. ~p; :i r a end t this sect ion. ‘l’he C m l

numbers shown actual ly mean ‘ca r l t .~ I ~~.in art iv rcqui ni . more nut hers

than t t  on one card , i t is c in t i nued  ‘n ‘ uW ‘ t i \ i r l .  An u 1 r a v , as

opposed to  a single va r iab le , is idet ’ i t .1 i1 il. k l v I ran t ’ y t :-‘-~ a i n fo r -

m a t i o n . A number app. ’ i u i n g  in - t I  t’ he C ’ : i t  ~ ene ( \ , I;, L I ’ 1) indi-

ca tes  an array , w hi le  l i c k  of a i - t i er tndj ~~ites  a s ingle ~‘a I-ae.

Variables may hav more tita n one n i’it’. A ll names i r e  given for con-

venience. The words “f ill ‘‘ and “PEB tF ” ippea “ ing it - heg inni ni ~ at

descript ions imply that tb vami: i 1’le is ~s~td either I n  edit tng Cr far

debugg ing purposes. These titles help the ast’r t a  scan the desc :’t ions 

-~~~~ -- - - 

I) 
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more rapidly . The ilL’S 11:11 11 ions ‘‘M.-\X and ‘‘M\\ NI)’’ give the maximum va li e

and the maximum number i t ’ va lues  a varia b le can have , respect iv e l y .  ~Itui -

imuin numbers of vt ~ ui’s are gi vet 1w ‘ ‘M I N NO” us luere ,iI pr&i Iu l ’ i a t  e . Default

values , set Lv the code when no value is ~i i d  in , are a 1 ~o rioted t ’die re

apl)l icahie

j a b l e  I

OFF INI Uh)~ - OF UI RM’- o\l~l ’ :  PSI II IN TillS ,‘1\~ 1) .\l,
.\NL IN V \ \ S l l i !  Ph MII I HI

Particles P i F : ’  numbers of I I I  a—electron s
gi’u i i d  In t i ’ a single charged
part ic  Ic

M i n i  — p r i n t  ~~!o  i t  pr i i ’. i t  (3 1 jutes) giving
summa rv qiiant i t i S  he 1 Phi l in ana—
lv: h i p  th e c : i lcu lat  ion . Can be
I~r i nt t ’~ out at times f l h I I ! ie i l i P u It
of tn , Ii  u’pc 2—1 ) prints.

2—0 print Lan te printout aiving ~~‘ i t  ia l
distri buti ons at ’ f ields and cur-
ren ts , as we l l  as it  her pert inent
intornitit ion. i ;in be pr in ted out
less  o t t  i i i  than t i .’ s n i  II mini—
prints.

Dynamic ca Icu lit ion ln di ci I i’S Ii 11 Maxu ’.el 1’ S t ’ ip : i t  ions
solu tion for fields , as opposed to
t he j u i t i s i — s t a i c  approx imat ion.

Q u a s i - s t a t ic ca lcu la t ion  Ind ica tes  f i e lds  ca lcu la ted  from
\ I I  x~~~’ li’ s ci~tiat ion s with the t i m e —
1, n i t it ive terms removed. t;reen ‘ S
nine t lou t ec lun I quo is used.

Ii)



Table 2

MINIMUM ANI) MAX IMUM VAI.tll: S 01: I)\ NA SI’III RL \~ Rl ~ItLliS

M m .  N . ‘ l I\  . No .

Input Var iab les
5(1 i’ id i i l  ~i dynamic,~u angular ,

Zone number 3 -2() radial ~ quas i—
20 angularl static

Time steps - -

Emission zones 1 50

Energy distribut ions 1 SO~’

Energy bins 1 5(1

Time histories I I

Angular d i s t r i b u t i o n s  1 SO

Angular distribut ion bins 
, 

so

2-D prints - -

Mini-prints - -

Calculational Variables

Total number of jiarticles 0 ‘000
emitted in a given time step -

Number of particles being ‘0000
followed in a given t ime step

a0~ 1~ ~ angular and energy distr ibution pci’ emission zone are permitted ,
however .

11
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Ta ble 3

ltFI ,Al ’l \I P()S I’l’ IONS ON GRII )  Wll1~R l iii:i.os , (‘11FF! X IS ,
AN)) CI!\ghl :S ARF 1 \ I ( t I I \ 111 1

Posit ions c and b indicate
zone center and boundary,
res pect iv e l v . These posi-
tions pertain to dynamic
en lcul tt ions only .

A x i a l  Radial
Quant i ty  Pos i t  ion Pos i t ion

F c ii

(a)
h c

( h i
II c c

J i. C 1)

J I) c

Charge in zone h h

Sur face current c C

(a) 0 is the polar  ang le re lt i t  i t o  to  the I)iIOtO!1 p i’Op ug;ut ion d i rec t ion

Ib) 
~
‘ is the u: inuuthal t ingle i’el it m e  to the photon Iu’op u’ it  ion d i rec t ion

12
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I N P01 CARI) S

Card Colu mns Var i abl e
Number (format) Name(s) I)escription

1-78 TI’I’LF Comment card
(13A6)

2 1— 2 IOPT(1) Quasi-st atic calculations oni : gives
(12) (METHOD) Green ’s fuin ct ion source c harge type

1 Sou rce charges are rings
2 Source charges smeared out over

spat ial zone

2 3— 4 IOPT(2) ED IT: Limits printout
(12) (IRPINT) —1 Minimum printout (no particle

emiss ion  ch:m ractei ’istics)
1) Part i c Ic cmi ss I on charac ter—

ist  [ L ’S

1 Green ’ s function print if
q u a s i — S t a t i c

2 5— 6 1OPT(3) Determines em ission la r t  i d e  init ial
(12) (INPIJTR) radial posi t ions in meters

0 Emit particles front radial
pos i t ion

r 0 .9 99* E RSA ’ l  - ri/2 )1 . dynamic
r = 0 . M) P *RSVl’ , quas i—s ta t i c

>0 Emit part ic)es from radial posi—
t ion INPUTR (MAX ~ outer sphere
radi us I

2 7-8 IOPT(4) Do not e x ec ut e  prob lem of >0.
(12) (ITDIM) Allows for stopping after Green ’s

function calculation in quasi—static
cases. Code does not read an” infor-
mation beyond the zoning cards (cards
3-8). Permi ts  checkout of Green ’s
function on various analy t ic  charge
densities. Sec IOPT(20).

2 9-10 ~OPT(5) DEBUG: Error off , to get core dump
(121 (IDUMP) at end of prob l em if >0.

2 11—12 IOPT(6) Quasi-static onl y :
(12) (IGRID) 0 Sourc e  and f ield point grids ire

the ~. ,i i iu e

I Sou rce and field point grids w i l l
he different

13



Card Columns Variable
Number (format) Name(s )  Ilescription

2 13-14 IOP’I’(7) DEBUG : Permits Green ’ s function
(12) (JQSAT ) checkout w i t h  no contribution from

net charge on inner sphere

2 15-16 IOPT(8) DEBUG : Quas i -s ta t i c  only.
(12) A number of test problems to run

check i ng out Green ’s function .
If >1 , code reads in IOPT(8)- 1 new
values for the variables IOPT(7 ,12 ,
15 ,14 ,20) in sequence after zoning
cards (cards 5-8). Permits redefi-
nition of various anal ytical charge
densities. See IOPT (20) and also
abbreviated user ’ s manual in MAIN
program .

2 43-44 TOPT(22) Emit part ic les every NESKIP÷l time
(12) (NESKIP) steps. Default = 0.

2 47—48 IOPT(24) Print out 2-0  prints cvel’y IOPT(24 )
(12) (NTSKIP) particle time steps. Overridden by

DTPRNT (card 16).

2 40-50 IOPT(24) 0 Define emission particle angu-
(12) (IEMIT) lar bins relative to axis of

coordinate system.
I Define emiss ion part i d e  angu—

i n n  bins relative to surface
normal

2 51-52 IOPT(26) Ninuhc~’ of electron emission zones.
(12) (1OP26) If zero , emission zones same as

(NEPTS ) angular :ones defined by card 6 ,
and c a rds  11 and 12 need not be
read in. ~)\ \  = 50.

2 53-54 IOPT(27) Number of emiss ion  electron angular
(12) (NTII) lar bins. MAX = 50.

2 55-56 IOPT(28) Number of emission electron energy
(12) (NSPD) bins. MAX 50.

2 57-58 IOPT(29) 0 Quas i -s ta t i c  approximation .
(12) 1 Full Maxwell’ s equation treat-

ment
-1 Q u a s i - s t a t i c  approximation wi th

constant zonc’ s i z e  in both radial
and angular d i rect ions.  Do not
read in cards 5-8.

II



Card Column s Variable
Number (format ) Name(s ) DesLri ption

2 59-60 IOPT(30) ED1’f: Printout l imi ter  in dynamic
(12) (IPRNT) cases only .

0 Siinrt f ui i  i t t  — does not print
out .:ui r face current and charge
density on outer sphere , nor
photo-e lectron charge density
in 2-)) prints

1 Long print - prints out surface
c u r ren t s  and c harge dens i t i es  on
outer sphere is we l l as photo-
electron charge density in 2-D
p r i n t . A l s o  prints out several
ot hi r a r rays  suc h as charge in
each zone as wel l  is current
densit ies calculated in a man-
ncr different from the Maxwell ’s
equation section .

2 6 1—62 IOPT(31) Print mini—prints every IOPT(31)
(12) particle t u l l e  ~te ps .  DEFAULT = 1.

2 ~3—64 IOPT(32) MOVIE option: )ci’ite particle posi-
(12) tion information to file TAPE2O

every IOPT (32) particle time steps
if >0. It ’ ~O , p lot particle posi-
tions on pri nter as well as writing
fi le.

3 1-2 KOPT(l) Number of radial zones
(12) (NR) MIN = 3

MAX = 5))

3 3-4 KOPT (2) Number of angular zones
(1 2) (NT) M I N  = 3

MAX = 20

3 5-6 KOPT(3) Use in quasi -s tat ic  cases only
(13) (NC) 0 Radial source p~~i~t zoning in

Green ’ s function same as field
point zoning

>0 Number of radial zones for
sources for f ields in Green ’ s
function . See IGRID [IOPT(6)].

MAX = 20

3 7-8 KOPT(4) Like KOPT(3) but for angular zones.
(12) (NA) MAX = 20

IS



- -

Card Co lumns ~‘ar j ab Ic
Number t formuat) Name(s) l)escription

3 9—1 0 KOPT(5 I [1)11’: 2—1 ) prin’ s ize  l imiter.
(12) 0 !‘i~ m t  out approx inia t e ly  1( 1 radi zil

in 2— 1) prints in addi tion
to  SFCC ial , 011L’ s specified by
K01’~ (7 and 8)

>1) Pri mit a L t  every KO PT(5) radial
zones i ic re I iid i c es are bet ween
t he :J i i Ies spec i f ied  by KOPT(7
and S) . DEFAULT = I

3 11—1 2 KOPT (6) El) IT: Prin t out every KOPT ) (ii angu-
(12) lar zones.

PLEA))) ) = pr intout ~ 10 a ng les .

3 13—14 KOPT(7 ) Print eve ry  radial :oiie up to and
(12) including :one number KOPT(7)

rega rd less  of K O P T ) S ) .
DEFAtJL ’l’ = I

3 15—16 KOPT(8) EDIT: Print out e v e r y  r;id a ZOne
(12) w i t h  index � KOP1’(S) regardless of

KOPT(5 1 .
DEFAULT = iii a b e  a o 1’ r i d  i a I : ones

3 17—1 8 KOPT(9) Radial :on ing flag - dy namic  calcti -
(12) lations only .

0 Cons taut zone s i :e
I DEBUG: Sets constant :t)Tle size

hut uses II ’ NQR sal) rout inc . Per—
lii i t 5 c heckout of t h a t  rout ine

i~’ 1 i tn compared w i t h  same cal cul a—
( ion w i t h  KOP’F(9 ) = 0.

2 :onc size increases , s l ow ly  to
t i L o n t  tw ice  as much at outer

as at inner sphere.
3 ,~onc size increases rapidly to

im boiit 10 t imes as large it  outer

spher e is it  I nile n’ sphere .

3 19—2 0 KOPT ( 10) Randoni cia is si on flag:
( 12) 0 l) i sc re te  emission .

>0 Random ze caL’  rev and t ingle of
L r I iS s i o n  t ,ii’ t id es be tw een bin
cent c z ~~t defined Lv cards 9 . 10 ,
13 , 1)  . Requ I i’es at least 2
t il l s to t’ energy spectra , 2 for
i i i  i t  an  d ist r ibut ions.  L) i fferent
c i i  i i ( ’s L t t  KOPT( 111) g i v e  different
rim ndoni number sequences .



Card Columns \‘ai’iabl e
Number (format ) Name(s) lie ’~L r 1 pt iofl

3 21—2 2 KOPT(ll) I ii . is l ’ ’ T C  ,‘ li!i’elit dens i t ies  in
(12) m i d  ii and imigiti ii’ d i  m ’v c t  i o n s  to

I Ic TAP ) 21 ever ’ p u t  i d e  time
St  u p .  I ~‘m it s use  liv lumped—el ement
model in~ ~‘de , w h ich  ~eIie rat  u’s t i mc
hi st m i e s  I I L c u r re n ts .

3 23—2 4 KOPT(l2) Check t ‘ o re t L n  I input deck if
(12)

4 1— 12 RSA’I’ Radius of i i i i ie r  s p here ~m I
(El2)

4 13—2 3 B Radi u s of inter sphere . For quas i—
(EU) s t u ~ Ic calc’a~ ~ tons w i t h  single

spiuu’ FL ’  onl y ,  ct  RSXI >1 0” (m)

5 1—72 CI Radial zone boundaries. Read in for
(6E 12) q u a s i — s t a t i c  c a s e s  a i lv  (m)

MAX NO = 20

6 1-72 ALPHA Angulai’ Lone boundaries. Read in for
(6El2) quasi— static c a s e s  onl y (radians).

MAX N)) = 20.

7 1-72 RI Radial zone boundaries for source
(6E12) charg ’s u t  Green ’ s function . Read

in in q u a s i — s t a t i c  c a s e s  only (m)
M\\  NO = 21).

8 1-72 THETA Angular Zone boundaries for source
(bEI 2) charges in Green ’ s func t ion . Read

in in j t u t m s i  — s t a t i c  cases only
rau i ami s I

~tA\ NO = 20.

9 1-72 ENRG Initi a l energies of emission elec-
(6E12) tromi s. Read in IOPT(28) values

(keV)
M\\ N)) = 511 .

10 1 — 7 2  TIIE TA O I ’ I IFTA- ’ 2 1 P0 ’ : Initial directions of
e m i s s i o n  e le c t r o n s  at each emission
p o i n t .  ‘leisure d from sur face nor-
ma l or z a x i s , depending on IOPT(25).
MA\ \() = SO .

It’

L _  

_



Card Columns Variable
Number (format) Name(s) I v ’ ,~ i’iption

11 1—72 ‘flIP An gul ar pos ition s at ’ emission points
(6E12) m e ; u s t r I  f’ ni axis of the coordinate

sy~~t ’tu . ~u , u~) in IOP’ r(2~ ) values only
if lOP ) I ) ‘(1 ( radians)
MAX NO = 50 .

12 1— 72 DIII W id th  of the i :i it t ing  sectors  in units
(6E12) of co sumie (n i i n )  — cos i l i e ( max)  where

mm and ma x can h e thought of as
the 111 1 11 intiiiu and max i m u m  angular
pos i t  IOi1 S of ’ tile em iss ion Zone edges.
Not a d out\ ’ efl ient i1;i i it . Sec IOPT(26)
for e a s i e r - t o — u s e  method . Read in
l0I”i’(2~ ‘~ ;u l im es if IOPT(26) >0.
(dimension I css)
~t\X  NO = Si ’ ,

13 1-72 FNORMS No rma l i z ing  factor for emission cur-
(6El2) rent d e n s i ty  t m v t u  each emission zone.

Mult ip i ies I I ’ )  A K ,  \egat  ive value
means u s e  the energy and angular dis-
tr ibut ions from the previous emission
zone (I zone closer to the a x i s ) .
Read in I O l ’ ) i 2 ~~) va lues (dimensionless)

14 1—72 FIN Relati ve number in tens i ty  of d cc-
(6E12) t rons in each energy group . Read in

as man” dards I I and 15 in pairs as
there are p o s i t i v e  t a  1 ues of l:NORMS
(card 13) . I oW’ nor ia u I I zes spectra
to ll’) AK j e a k emiss ion current den—
s i t \ ’ . Beware 0 these tin i t s .
(e lect  l’oi is /u ’ mlem ’ ev bin)

MAX NO = 50.

15 1—72 FTH Re l t ut  i ve  number in tens i ty  of e m i s s i o n

(6E12) electrons in each emission angl, iiar
d is t r ibut ion bin. See a lso card  14.
All distributions normal ized Lv code
to peak emission current density of
JPEAK. Beware of these units.
(electrons/angular bin)
MAX NO = 50

16 1-12 TMAX Maximum time at ’ ca lculat ion (usec)
(E12)

IS



- ~~~~~~~~~~~~ -~~~~~~

Card Column s Variable
Number (format ) Name(s ) Description

16 13-24 DELT Pa r t i c l e  time s t ep  Insec)
(EU)

16 25-36 TI Rise tinu c of the trape~oida1 emission
(E12) curren t Pulse (nsec)

16 37-48 T2 Emission current pulse is constant
(El2 ) from Tl to T2 (nsec)

16 49—60 T3 Emission current pu l s e falls off
(E12) linearly to zero from ‘12 t o  13 (nsec)

16 61—72 DTPRNT Print 2—1 ’ pr in ts  every )Y) l ’ RN ’ F nsec
(E 12)

17 1-12 NTOT Total number of electron s emitted in
(E12) the emission current pu l se. If zero ,

calculated from , J ll A K (card It’).
(e lec t rons)

17 13-24 JPEAK Peak emn issi omi current density. If
(E12) Zero , calculated from N’I’OT (card 17).

Either NTO l’ or JEI AK must he non-
z e ro . (amp / rn )

17 25- 36 TSTART Quasi-stat ic calculations only :
(E12) Restart from dump tape at t ime

~~
‘ 1’START. See IOPT(17). (nsec)

17 37—48 DTTAPE Quasi-static calculation s on)”:
(El2) Write dump ta pe every !)‘FTAPE nsec.

See IOP’I’(l8).

19
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5. I)’i’NASIIPI .Rl . SAM ) ’ ) ,) PPORI .l ~

A sample calculat ion is described in t h i s  s ec t i on . ‘I’he physical prob -

1cm is described , and the required input cards are given . Selected code
outputs are listed . Descri pt ions of these out p u t  i are found in  the varia b le

glossary of Section 6.

This sample problem is sufficient to illustra te many code features and
to prov ide a test of ))‘,‘NASPIIERE w hen it is conve r ted  to a different computer
system.

The sample problem consists of :u sphere of 2 .3  in radius enclosed in an

outer sphere of 15.2 m radius. Mono-energetic electrons of energy 7.1 keV

are emitted uniformly from one-half the inner sphere s u r f a c e .  The pulse

shape is trapezoidal , with 15 flscd rise amid fa l l  t imes  and 55 nsec full-

width-at-ha lf-maximum. The peak emissi ”un current densi ty  is 0.108 amp/n2 ,
and the electrons are assumed to be emitted rad ia l ly  outward .

The problem conditions result in a non-space-charge-limited solut i on .

Gradients will not be steep , and the slowl y v a r y i n g  radial zone size is

sufficient to g ive reasonabl y accurate resolution of gradients near the
inne r sphere. KOPT)9) is set to 2 , and 3)) radial zones are used , result-

ing in a minimum radial zone size of 0.21 m (chosen Lv the code), A time

step of 2.5 nsec causes par t ic les to traverse about one-half this di stance

each step . Ten angular zones and five emission zones are emp loyed , with

the latter beii~g set by the code. ‘I’he problem is run to 150 nsec , w i t h

large spat ial printouts every 20 115cc . Pa r t i c l es  are emitted ever~’ other

time step.

The particular mode l cho~~n for this sample problem should not be

regarded as a typical SGEMP problem. Simplifying assumpt ions , such as

monoenergetie electron em ission norma l to the surface , may give unrealistic

results , and the practice of emitting particles every other time step can

be part icular ly dangerous in space-charge- l imited s i tuat ions.  These simp-
l i fying assumptions were adequate for the purposes of this sample problem ,

however.



— -  ~~~~~~~~~

Input card images desc i’ih ing the sample probl em t o  t he code . 1  m e

shown in Figure 2. The part i d e  emission L Ila c i  t c c l  ‘0 it ’s i”’ uu I t lug f’rnm

the electron emission sped f ic a t  ions are shown in I i go re 3 . he~c va r-

iables give initial electron 1) 511 ions , cut l’ u~~j ’ ’ 5 , and um u g le s.  A s;mmpl”

mini—print and a sample s ) a t  la l  pri nt .i~~~) i t i t i ’  iii I guu i ’ ’ ’~ 1 imi ~I 5 , tom ’

t ime of 20 flseu’ . l imited information on t ’ ie lds , currents , pa r t i c le
positions , e tc . , is g iv en in the m n i f l i —~~m ’int , ulu i  Ic de t a i l e d  O u t  ial

distributions are contained in the larger print . Na t e  that only 12 of

the 30 radial zones a ru’ printed out in the spat j u l  di st r ibut ion of f me l~Is

and current s . All 30 zones could have been obtained by set  t i ng KOPT(S)

= 1.
A slightl y low value for the q a t u m i t i t v  Q IN.J l K (to ta l  emitted charge)

will he seen in the mini -print . The number ‘ Lawn is :ubout 25 percent

lower than the time integral of’ the emission ciui ’m’e nt . Th i s is a conse-

quence of choosing a large time step and cmii i I ing p a r t i c l e s  ev il” other

step (a procedure that is not recommended) . By the end of the pulse , the

emitted charge is much more consistent w i t h  I Ie. a p ’ c t e d  t’a luie.

L)LJ I t V t Ls’
~~~~~ ~~~~ i.

(uY ~i8~’ P” t  k f , ‘ i ”  I C ‘~~ . , i, C L , ~ i I C , ‘ fl~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ c~ m r n 2  m , r i l u ~t ‘ i ‘ ~ “~~ ‘ i  ‘ C I  I
S O l O  I’ 0 0 0 ~ 0 .~ 1

7 .,

— I .  —~~~. 
.. .

~~~.
0 , 0 . 0 .

m o . ~~~~~ ii’,. ,

0 , . l 0 ~

Figure 2. DYNASPHERE sample problem input deck
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6. VARIABLE GLOSSARY

A glossary of DYNASPHERE variables and output headings is contained

in this section . Definitions of input quantities are given in the input

description section of this report , so many of those quantities are not

found here . All output variables and headings essential to the usage of

the code for “production” SGEMP calculations are defined in the glossary.

GLOSSA RY OF DYNASP HER E V A R I A B L E S  AND OUTPUT HEADINGS

ASP HER E’~IS5ION A R E A  C R 2 )

CURR ENTS IN 2.0 PR IN T . A C IU A L L V  SI’IOULO BE C U R R E N T  D E N S I T F  (AMP/M e)

E EL E CT R IC  FI E LD (Vi iL° t / ’4 )

EMQ T OTAL CHARG E TO B~ E M I T T ~ IJ FRO M EAC H EM ISSIO N ZON E nVE R
T IlE ENT I RE EM iSS ION’ CUR RENT PULSE , THE SUM OF T HESE
V A L U E S  SHOULD lIE ROU G HLY E Q U A L  TO TIl E I N T E G R A L  OF TH~EM ISSIO N CU RR EN T OE NS IT ~ O V E R  T I M E  AND S P A C E  FO R TH E E N T I R E
PULSE . AT EACH EM ISSION T I M E S TEP , A P A R T I C L E  IS E M ! T T E O
FROM (ACM ZONE HITH AN A M O U N T  OF C H A R G E  EQ U A L  TO
TE * EM(J Ci )~ MHI RE TE IS DEFINED BELO N ,

ENE RG Y EM I S S I O N  ELECT RON I N I T I A L  E N E R G I E S  (“LA ) ,

E R R A U I A L  E LECT R IC FI ELD (V O L T /H) , PLO T TED A t  END OF RUN
FOR V A L U E  ON INN E R SPHERE A T T M E T A U O  VS . TI ME .

E P (O.QODEG ) E~ DPI INNER SPHERE AT T I4 E TA SO A N D qO DEG~ EL POS IT IO NS
(Q R CLOSEST TO THEM) . (VO L T /N )

FG (NE QGE NE / Q IN J EN , FR A C T I O N A L  A M O U N T  OF E MI SSION CHARGE
R E T U R N I N G  tQ~~AR0 SPHERE AT E ACH R A D I A L  ZONE COZMENSI O N LES S)

H M A G N E T I C  FIELD ( A M P /H)

ZII ME P A R T I C L E  TIME STEP NUMBE R

JNE T A P P R O X I M A T E  EXPRESSION FOR THE NET A V E R A G E  CUR R ENT DENSIT Y
LEAVING T HE INNER SP H E R E . EQUA LS N(T CU R R EN T  ONTO INNE R
SPHE RE DIVIDED BY E M ISS ION A R E A , A V E R A G E D  J IVE ? DES iGNAT E S
J N L T  ALSO , E QUALS JN O ,~ IN NUN.SCL CASES , (AM P / CM Z)

E M ISSION C U R R E N T  D E N S I T Y  AT THI S T IME A V E R A G E D  OVE R
E M ISS ION AR E A , (A M P/CM 2),

HA l , NO , OF M A X IM U M  V A L U E  OF N P A R T  UP TO THI S T IM E ,
PART ICLES UP TO
THIS TI ME

NA NUMBER OF ANGU LAR ZONES

NBA C R CU M ULA T IVE NUMBER OF P A R T I C L E S  R ETU RNING TO IN N E R SPHERE
UP TO TH IS T I M E
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SCUR S U R F A C E  C U R R E N T S  F L U ~~I NG ON IN N E R  SPHERE A T E A C H  A N G U L A R
POS IT ION , OBTA I N E D  FROM M A G N E T I C  F I E L D  JUST OUTS IDE
SPHERE AII ICH IS E V A L U A T E D  AT ZONE C E N T E R S  IN E A C H
COORDI N A T E , (A MPS)

SPEED EM I S S I O N IL E C T R O ~ I N I T I A L SPEEDS (*E V) ,

S U R F A C E  CHA RGE S U R F A C E  C H A R G E  ON I NS ER A ”D ( J U T E .  SP HERES IN E A C H  ZONE. UN
D EN S ITY T HE SU R F A C E S .  I N N E R  S #H PRE AL ~~A Y 5 PR IN T E D , fl uIE R SPH ER E

DE PEN DS ( ‘ P. IOP~~(3O ), TH E R W O r U C T ) O N  P R I N T  F L A G , (T B T A I N E C
F R O M  THE NO R M A L  E L E C T R I C  F I E L D  N(A R T Il E S U R F A C E S , T HE SUM
( ‘P T

~~L VA LUE S ON T E  INNE R SPHERE SH~~UL D AGREE ROUGH L Y n I T H
QN E T , TH E N(T  C H A R ( , E ON TH E INNE R SPH E R E OF4 T AISE D FRO M
THE P A R T I C L E  M O T I O N , THE .~ V A L U E  A P P E A R S  TO “E IN E R R O R
F O R  TH )S P A R T I C U L A R  P R I N T O U T  Q U A N T I T Y , (C1’UL ).

S U R F A C E  CUR R E N T  C U R R E N T  D E N S I ? IE S  PL ’).’,I NC . L’S I N N E R  AN D O U T E R  SPHERES ,
INN E R SPsI E RI A L * A Y S  P R I N T E D , D A T E R  S PH ER E DE P E N DS ITN
1 0 9 1 ( 3 0 ) , T p E P R O D U C T I O N  P R I N T  F L A t .,, TH E SE C U R R E N T
CE N S I T I E S  AR I O B T A I N E D  FR(J V THE MA(. IOI E T I C  FI ELD F I R S T
N C N. Z E R ( )  V A L U E  NE A C  IH( SCs I “ I C A L  SU RF A C E S , TH E V A LU E
OF Q I A P P E A R S  TO HE IS ERR (IR F (IR TH IS P A R T I C U L A R  P R I NT O U T
QU A N T I T Y , ( A M P / M I P L’ ) T T E ( ,  ~ IT, ”  U N I T S OF A MP S A T  E~~f’ U~ R U N ,

SUSAF C L , ’ R ( RN,  SU 9 FAC I  C U R R E N T S  ON I5 5E~ SP”.E IA E C LOSEST TO THE 45, RO, AN D
90,13N DEG ) t3N D E G R E E  P O S I T I ON S ,  R E S P E C T I V E L Y . SEE SCU R , (AMP S)

THE E X A C T  A N G U L A R  P O S I T I O N S  CL OSES T T I  TH( 445 ,  RO A N r ~ U N
DEG R EE L O C A T I O N S  A R E  P R IN T E D  O UT I’- TH( S U R F A C E  C U R R E N T
TIMI H I S T O R Y  PR IN T n U T  S E A R  TH E L A S T  PAG E OF T H E P R T N T U U T .

I T I M E  ( I V S E C )

TE FR A C T I ç ’ , OF THE T O T A L ( MT S S I U 7 ’. C U R R E N T  PULS E A I ’ EA CJ C CIJ PI E D
KY TH E C , JRR E S T  P ULSE S CI C .PI T T I M E S  THE PA T I C L E  T I M E  ~ T€P ~
( O I M E N S I I T N L E S S )

T H E T A  POLAR ANGLE ( R A D I A N S )

V P R A D I A L  V E L O C I T Y  ( p / S E C )

V T H E T A  POLA R V E L O C I T Y  (M /SE C )
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